1 Experimental studies
Materials
Fluorinated graphite (C:F, 1:1), alkynes (Phenylacetylene, Phenylethynyl magnesium bromide, 1-Phenyl-1-propyne, 4-Ethynylaniline, 5-Ethynylpyrimidine and 4-[(Trimethylsilyl)ethynyl]aniline, Bis(triphenylphosphine)palladium(II) dichloride [Pd(Ph 3 P) 2 Cl 2 ], Copper iodide (CuI), and dry N,N-dimethylformamide (DMF) were purchased from Sigma-Aldrich. All reagents were used as received without further purification.
Experimental section
In Sonogashira coupling reaction, bis(triphenylphosphine)palladium(II) dichloride [Pd(Ph 3 P) 2 Cl 2 ] (35.1 mg, 0.05 mmol) and copper iodide (CuI) (19 mg, 0.10 mmol) were solubilized in 2 mL dry N,N-dimethylformamide (DMF), under oxygen free conditions. Subsequently, suspension of FG (31 mg, ~1 mmol of C-F groups) sonicated for 4 h in 5 mL dry DMF was added to the above solution and the mixture was degassed by a stream of nitrogen. Afterwards, 1.2 eq. of alkyne (1.2 mmol) and triethylamine (Et 3 N) (2 mL) were added to the suspension consecutively and the mixture was stirred at room temperature for 70 h, under nitrogen. Finally, the black product was separated by centrifugation and purified by repeated centrifugal washings with DMF, aqueous solution 5% HCl, water, ethanol and dichloromethane. The prepared graphene derivatives were dispersible in nonpolar solvents (toluene) but they tend to precipitate on longer time scales (days).
Section of control experiments
In order to investigate the role of each of reagents and catalysts participating in the Sonogashira reaction, many control experiments were performed applying the above mentioned reaction conditions. The progress of each reaction was monitored by FT-IR.
 The Grignard reaction of FG with phenylethynyl magnesium bromide, the Grignard reagent analogous to phenylacetylene, was also performed. The failure of the reaction demonstrated the uniqueness of the Sonogashira coupling for alkynylation of graphene. Figure S1 . FT-IR spectrum of FG treated with the Grignard reagent (control experiment).
 The internal alkyne 1-phenyl-1-propyne was used instead of phenylacetylene, under the above mentioned conditions of the Sonogashira coupling. The unsuccessful reaction implies the necessity of terminal alkynes for the progress of the reaction. Figure S2 . FT-IR spectrum of FG treated with the internal alkyne under the Sonogashira reaction conditions (control experiment).
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 Since nucleophilic intermediates of the terminal alkynes are generated in situ in the Cu-cycle, the Sonogashira reaction was carried out using phenylacetylene as alkyne, skipping the step of the transmetalation. The negative result of the reaction indicated that all the steps of the Sonogashira mechanism are required for the successful modification of FG. 
Instrumentation
FT-IR spectra were recorded on an iS5 FTIR spectrometer (Thermo Nicolet) using the Smart Orbit ZnSe ATR accessory. Briefly, a droplet of an ethanolic dispersion of the relevant material was placed on a ZnSe crystal and left to dry and form a film. Spectra were acquired by summing 52 scans recorded under a nitrogen gas flow through the ATR accessory. ATR and baseline correction were applied to the collected spectra. Raman spectra were recorded on a DXR Raman microscope using the 613 nm excitation line of a diode laser.
X-ray photoelectron spectroscopy (XPS) was carried out with a PHI VersaProbe II (Physical Electronics) spectrometer using an Al Kα source (15 kV, 50 W). The obtained data were evaluated with the MultiPak (Ulvac -PHI, Inc.) software package.
Electron microscopy images were obtained with a JEOL 2010 TEM equipped with a LaB6 type emission gun operating at 160 kV. STEM-HAADF (high-angle annular dark-field imaging) analyses for EDS (energy-dispersive X-ray spectroscopy) mapping of elemental distributions on the products were performed with a FEI Titan HRTEM operating at 80 kV. For these analyses, a droplet of an aqueous dispersion of S5 the material at a concentration of ~0.1 mg mL -1 was deposited on a carbon-coated copper grid and slowly dried at ambient temperature for 24 h to reduce its content of adsorbed water. AFM images were obtained in the amplitude modulated semicontact mode on an NT-MDT NTegra system equipped with a VIT-P AFM probe with the amplitude set point set to 71% of the free amplitude, a scanning speed of 0.5 Hz per line for all pictures, and using fresh cleaved muscovite mica.
Thermogravimetric analysis (TGA) with evolved gas analysis (EGA) was performed using a Netzsch STA 449C Jupiter thermo-microbalance coupled with a QMS 403C Aëolos quadrupole mass spectrometer. Measurements were carried out in an α-Al 2 O 3 open crucible under N 2 flow. A temperature program from 40 to 1000 °C with heating rate of 10 °C min -1 was used. Before each experiment, the crucible was heated to 1340 °C and then cooled to room temperature. Masses in the range 12-100 m/z of the released gases for the G-Mal graphene derivative were determined with the mass spectrometer of the TGA instrument, starting at 100 °C to avoid overloading the spectrometer with adsorbed water.
Procedure for measuring conductivity of EtaG: Conductivity measurements were performed on TESCAN LYRA3 scanning electron microscope (SEM) equipped with NenoVision LiteScope™ atomic force microscope (AFM). SEM serves as a tool for precise navigation of the AFM tip to the selected micrometer-scale particles. The instrument enables 3D in-situ surface imaging, simultaneous SEM and AFM analysis using a unique patented Correlative Probe and Electron Microscopy™ imaging technique, depth or height profiling, precise tip navigation and local conductivity estimation. Gold plated contact mode silicon cantilevers were used as a local current probe. Once the tip is brought to contact, I/V spectroscopic curves are measured using LiteScope integrated current amplifier and corresponding software features. Amplifier input range is from -10 nA to +10 nA and the sample bias voltage can be swept from -10 V to +10 V. Table S1 . Elemental composition of chemically modified graphene derivatives, graphite fluoride (GF) and treated GF after Sonogashira reaction with the internal alkyne as obtained from the XPS analyses (wide scan XPS spectra). PW-DFT-PBC calculations were performed by using the Vienna ab initio simulation (VASP) package. [1, 2] A semi-local generalized gradient approximation (GGA) and the Perdew-Becke-Erzenhof (PBE) functional were employed [3, 4] to account for electronic exchange and correlation effects. Atomic cores were represented by projected augmented wave potentials (PAW). [5, 6] The PAW method is a genuine allelectron approach which produces the exact all-electron potentials and charge densities without elaborate nonlinear the necessity to include nonlinear corrections to the valence-core interactions. The PW basis set contained components with energies up to 400 eV, which allowed to achieve full basis-set convergence.
The graphene layer was represented by a periodically repeated conventional rectangular cell containing 192 C-atoms and 15 Å of vacuum, so that the interaction between the vertically repeated images was negligible. Up to six functional groups per computational cell uniformly distributed on the graphene layer were taken into account and both possible directions of adsorption were considered, i.e., under (bottom) and above (top) the graphene plane. For the sake of completeness, the adsorption of functional groups on a partially fluorinated graphene sheet containing twenty-two F-atoms per cell was also considered.
All the structures were fully optimized until the forces on all the atoms were smaller than 25 meV Å −1 . Simultaneously, the electronic degrees of freedom were relaxed until the change in total energy between successive iteration steps was smaller than 10 −6 eV.
The Brillouin zone was sampled using 4 × 4 × 1 Γ-centered k-point mesh and a Gaussian smearing of 0.02 eV. Electronic densities of states (DOS) were calculated by employing the tetrahedron method. [7] Local and partial DOS were obtained by projecting the plane-wave components onto spherical waves inside atomic spheres. 
Finite-size DFT Calculations
The ground state (GS) structures of all the investigated species were optimized by the ωB97X-D method [8] using the 6-31+G(d) basis set [9] for the 1 st -3 rd row elements and Stuttgart/Dresden (SDD) effective core potential (ECP) for palladium. [10] The selection of the ECP was based on a comparison of various ECPs in calculations of key binding parameters for model systems containing Pd-P and Pd-X (X = Cl, F) bonds (Table S3 ). For open-shell systems, the spin unrestricted formalism has been applied. The solvent effects were included by using the universal continuum solvation model based on solute electron density (SMD). [11] Whereas the structures of small and medium size systems (HF, Pd(PR 3 ) 2 , Pd(PR 3 ) 2 Cl -, R-C≡C-Cu, …) were fully relaxed in geometry optimizations, to mimic the semilocal flexibility of fluorographene (FG) sheets, the FG-like structures were obtained by constrained geometry optimizations relaxing only the region actively participating in a particular reaction, i.e. typically 4-6 carbons and 3-6 fluorine atoms. All calculations were performed with the Gaussian09 program. [12] The optimized structures of model systems of the Pd catalyst and FG with different extent of fluorination are displayed in Figure S22 and S23, respectively. The FG model systems are fluoro-derivatives of ovalene (a polycyclic aromatic hydrocarbon containing 10 fused rings). Besides the shown FG model systems, fully fluorinated FG was considered referred to as c10-allF. 
